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Experimental procedures:
Dichloromethane (ACS, >99%, stabilized with amylene), acetonitrile (HPLC Plus, >99.9%), toluene (ACS grade, >99.5%), Zn(NO3)2·6H2O (purum p.a., crystallized, >99.0%) and potassium metal (ingot, 99.95%) were purchased from Sigma Aldrich. N,N-Dimethylformamide (anhydrous, 99.8%, used for MOF-5 preparation), (n-C4H9)3SnH (97%, stabilized), chlorotrimethylsilane (98%), 2,3,5,6-tetramethylpyrazine (98%) and terephthalic acid (98+%) were obtained from Alfa Aesar. NbCl5 (99+% Nb), NbO2 (99+% Nb) and XeF2 (99.5%) were obtained from Strem. Attenuated total reflection Fourier-transform infrared (ATR-FTIR) spectroscopy was performed using
Bruker ALPHA II Spectrometer (MIR source and KBr beam splitter) equipped with RT-DLaTGS detector utilizing Platinum ATR accessory. The data was averaged over 32 scans between 4000 -400 cm −1 (4 cm −1 resolution). The measurements were performed in a nitrogen-filled glovebox.
Field Emission Scanning Electron Microscopy (FESEM) was performed using Zeiss Supra55VP
Microscope. A small amount of sample was dispersed on the carbon tape attached to an aluminum stub in an argon-filled glovebox. Prior to measurements the samples were coated with a layer of carbon. FESEM data was obtained at beam voltage of 15 kV and working distance of 8.5 mm with an Everhart-Thornley (SE2) detector. Elemental mapping was realized using an energy dispersive X-ray spectrometer (EDX) integrated with the FESEM instrument. A dwell time of 200 µs was used to collect 1024 x 800 px EDX maps.
X-ray absorption spectroscopy (XAS) experiments were performed at the BM23 beamline of the European Synchrotron Radiation Facility (ESRF, Grenoble, France). 5 We worked in transmission mode at the Nb Kedge (18990 eV), using the Si(111) double-crystal monochromator to monocromatize the X-ray beam, while the harmonic rejection was performed by using two silicon mirrors at a 4 mrad angle. Spectra were collected using 30 cm ionization chambers for measuring the incident beam (I0), the beam transmitted through the sample, and the reference (I1 and I2 respectively). The weights of the pellets were optimized to obtain the best signal/noise ratio for XAS measurements in transmission mode (Δµx ≈ 0.3 with estimated total absorption of ≈ 1.8), resulting in 77.5 mg per 1.3 cm 2 pellets. The XAS data reduction and EXAFS extraction procedure were performed using the Athena code. 6 Once extracted, the k 
Continuous wave electron paramagnetic resonance (CW EPR) measurements were performed on a Bruker
ElexSys E500 spectrometer fitted with a finger dewar. The data was collected at 77 K using J. Young EPR tubes to exclude air and moisture, as suspensions in THF (dry and degassed). Microwave powers ranging from 0.6325 to 2 mW were applied. EasySpin 7 , a MATLAB simulation toolbox was used, particularly for obtaining a principal parameter set of effective g-values and hyperfine interactions of 
Computational details:
Starting with the crystallographic structure of pristine MOF-5, the material was first geometrically optimized within the DFT framework as implemented in VASP. 8 A 500 eV planewave cutoff and the PBEsol 9 functional were used, with the resulting structure being electronically converged to within 0.005 eV per atom and within 2% of the experimental lattice parameters. HSE06, 10 a hybrid functional, was then used to recover more accurate electronic properties, and the resulting electronic band gap was found to be in agreement with experiment. Nb defects and appendages were then made to the optimized periodic structure. Only Schottky defects were considered (i.e. high-valence Nb was explicitly passivated by inner sphere counter anions). Using the same procedure for the initial optimization of the parent material, the Nb-containing frameworks were recovered. In systems that had multiple possible spin orientations all relevant electronic configurations were examined, and the lowest energy configuration was selected as the most plausible candidate. Cl a A positive deviation from a free electron ge value is likely due to strain effects, i.e. distribution of spin Hamiltonian parameters: g-strain and unresolved hyperfine splitting. 
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